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Abstract 
Two-dimensional micro scanner which used for space laser detection is affected by the space environment. The scanning and 
piezoresistive measuring performances of the two-dimensional micro scanner are affected by the temperature change. In order to 
test the space temperature adaptability, the temperature characteristics of scanning and piezoresistive measuring performances are 
researched in this paper. According to the temperature change in space, the temprature effects on the scanning and piezoresistive 
measuring performances are measured in the range of -20ć to 80ć. The experimental results indicate that there are minor 
change in the two resonant frequencies and always linear relationships of the piezoresistive measuring results. The reasons of the 
effects on measuring sensitivity and linearity are analyzed and the optimal temperature range is presented. Through the 
temperature adaptation experiments, a basis of the temperature compensation and space application of the two-dimensional micro 
scanner is provided. 
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1. Introduction 
Two-dimensional micro scanner, which used for space laser detection, is affected by the space environment with 
large temperature changes [1]. The scanning and piezoresistive measuring performances of the two-dimensional 
micro scanner are affected by the temperature change. In order to test the space temperature adaptability, the 
temperature characteristics of scanning and piezoresistive measuring performances are researched in this paper, 
which can provide experimental evidence for space application and temperature compensation of the two-
dimensional micro scanner. 
2. Two-Dimensional Micro Scanner 
2.1. Prototype 
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The two-dimensional micro scanner with piezoresistors is shown in Fig.1, which is packaged in a stainless steel 
case with the size of 28 mm × 20 mm × 18 mm. It has two resonance vibration modes of twisting and bending, 
which is also has two piezoresistive Weatstone bridges for measuring deflection angles in both modes [2]. 
 
 
Fig. 1. Photograph of two-dimensional micro scanner with piezoresistors 
2.2. Characteristics 
The scanning amplitude frequency responses of the two modes in room temperature are shown in Fig.2. The two 
resonance frequencies of the two-dimensional micro scanner are measured by the frequency sweeping method and 
the scanning amplitude is detected by a laser interferometer measurement system. The results indicate that the 
resonance frequencies are 216.8 Hz and 464.8 Hz, respectively. 
The piezoresistive Wheatstone bridge characteristics of the two modes in room temperature are shown in Fig.3. 
The deflection angles of the two-dimensional micro scanner are measured by the piezoresistors detection circuits 
and the piezoresistor characteristics are indicated by the output voltages of the two Wheatstone bridges. There are 
linear relationships between each piezoresistor output voltage and each deflection angle [3]. The deflection angles 
measurement sensitivities for two directions are 59 mV/deg and 30 mV/deg, respectively.  
 
 (a)       (b) 
Fig. 2. (a) Scanning amplitude frequency responses of two modes in room temperature; (b) Piezoresistive Wheatstone bridge characteristics of 
two modes in room temperature 
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3. Temperature Characteristics 
3.1. Experimental Method 
In order to adequately simulate the space temperature condition [4,5], the experiment is achieved in the dry 
temperature chamber with the range of -20ć to 80ć and the interval of 5ć. The two resonant frequencies and two 
piezoresistive Weatstone bridges characteristics are repeatedly measured in each temperature point.  
3.2. Resonant frequencies 
The two resonant frequencies are measured by a frequency sweeping method and the temperature characteristics 
are shown in Fig.3. The experimental results indicate that two resonant frequencies slowly decreased with a rise of 
temperature. The resonant frequency of twisting mode ranges from 219Hz to 215Hz, while the other one of bending 
mode ranges from 468Hz to 460Hz.  
The main reason is that the resonant frequency is related to the length of the flexible beam and Young's modulus. 
The thermal expansion of the silicon beam and the temperature dependence of Young's modulus cause the decrease. 
However, the minor change in the two resonant frequencies has litter effect on the scanning characteristics. 
 
Fig. 3. Temperature characteristics of two resonant frequencies 
3.3. Piezoresistive measuring performances 
In the temprature range, the piezoresistors have a good stress sensing performance. There are always linear 
relationships between Weatstone bridge output and actuation displacement. As shown in Fig.4 and Fig.5, the 
piezoresistive Wheatstone bridge sensitivity ranges from 116mV/µm to 157mV/µm and the measuring linearity 
ranges from 2.0% to 4.1% in the twisting mode. While in the bending mode, the piezoresistive Wheatstone bridge 
sensitivity ranges from 48mV/µm to 104mV/µm and the measuring linearity ranges from 0.9% to 6.3%. The 
experimental results indicate that temperature change has a very significant and irregular effect on the piezoresistive 
measuring performances.  
The measuring sensitivities caused by temperature changes may be due to many factors. The temperature 
dependence of piezoresistive coefficient, thermal expansion of micro-structure and temperature dependence of 
Young's modulus can lead to decreased measurement sensitivities [6,7]. However, the measurement sensitivity 
increases may be due to the ideal gas equation of state in the constant pressure. The temperature increase causes the 
gas density decreased, the number of molecules reduced and the damping coefficient decreased, which cause the 
measurement sensitivity increased [8]. Therefore, these reasons lead to the nonuniform temperature dependences of 
piezoresistance measuring sensitivities. 
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 (a)       (b) 
Fig. 4. (a) Temperature characteristics of two piezoresistive Wheatstone bridge sensitivities; (b) Temperature characteristics of two piezoresistive 
Wheatstone bridge linearities 
4. Conclusion 
The space temperature adaptability of the two-dimensional micro scanner is tested and the temperature 
characteristics of scanning and piezoresistive measuring performances are presented in this paper. The experimental 
results indicate that in the range of 10ć to 30ć, the two-dimensional micro scanner has two steady resonant 
frequencies, smooth piezoresistive measuring sensitivities and better linearities which are less than 0.9% and 6.3%, 
respectively. Therefore, the range of 10ć to 30ć is the optimal temperature range for space application. 
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